Purpose Predictors of marked improvement versus failure to improve following surgery for adult scoliosis have not been identified. Our objective was to identify factors that distinguish between patients with the best and worst outcomes following surgery for adult scoliosis. Methods This is a secondary analysis of a prospective, multicenter spinal deformity database. Inclusion criteria included: age 18-85, scoliosis (Cobb C 30°), and 2-year follow-up. Based on the Oswestry Disability Index (ODI) and the SRS-22 at 2-year follow-up, patients with the best and worst outcomes were identified for younger and older (46-85) adults with scoliosis. Clinical and radiographic factors were compared between patients with the best and worst outcomes. Results 276 patients met inclusion criteria (89 younger and 187 older patients). Among younger patients, predictors of poor outcome included: depression/anxiety, smoking, narcotic medication use, older age, greater body mass index (BMI) and greater severity of pain prior to surgery. Among older patients, predictors of poor outcome included: depression/anxiety, narcotic medication use, greater BMI and greater severity of pain prior to surgery. None of the other baseline or peri-operative factors assessed distinguished the best and worst outcomes for younger or older patients, including severity of deformity, operative parameters, or the occurrence of complications. Conclusions Not all patients achieve favorable outcomes following surgery for adult scoliosis. Baseline and perioperative factors distinguishing between patients with the best and worst outcomes were predominantly patient factors, including BMI, depression/anxiety, smoking, and pain severity; not comorbidities, severity of deformity, operative parameters, or complications.
Introduction
The prevalence of scoliosis among adults has been reported to be as high as 68 % in elderly volunteers [1] . Although the majority of those affected are asymptomatic, others may present with pain, functional limitations, neural dysfunction, and disability. Management of symptomatic adult scoliosis typically involves an initial attempt at non-operative measures. However, non-operative measures have not demonstrated a reliably durable improvement in patients with symptomatic scoliosis, and pain and disability may progress to a point warranting consideration of surgical treatment [2] [3] [4] [5] [6] [7] .
Most reported studies suggest that operative treatment results in significant improvement of pain, disability, and health-related quality of life [3, 4, [8] [9] [10] . However, these assessments are based on averages across large groups of patients and often inadequately emphasize the range of outcomes [3, 4, [8] [9] [10] . Certainly not all surgically treated patients achieve average or above average outcomes, and for each patient that reaches an incrementally better than average outcome, mathematics would suggest that another is achieving a commensurately poorer than average outcome. Assessing and comparing patients at the extremes of outcome measures can provide helpful insight into factors that may be predictive of outcome.
Our hypothesis was that specific clinical, radiographic, and/or surgical parameters can distinguish between adult scoliosis patients with the best and worst outcomes following surgical treatment. The purposes of this study were to assess the ranges of clinical outcomes in patients treated with surgery for adult scoliosis and to identify factors that distinguish between patients with the best and worst outcomes.
Materials and methods

Patient population and imaging
This is a secondary analysis of prospectively, consecutively collected patients from the Spinal Deformity Study Group multi-institutional database for adult spinal deformity. At enrollment and follow-up, patients complete health-related quality of life (HRQL) measures, including the Modified Oswestry Low Back Pain Disability Questionnaire v.1.2 [11] (ODI), the Scoliosis Research Society-22 (SRS-22) questionnaire [12] , and back and leg pain numeric rating scale scores [12] , in which extreme scores of 0 and 10 reflect no pain and ''unbearable'' pain, respectively. This study was approved by the institutional review boards of all participating institutions.
Inclusion criteria for the present study were: operatively treated adult idiopathic or degenerative scoliosis (Cobb [ 30°) enrolled between January 2002 and June 2007, age of 18-85 years, ODI and SRS-22 at baseline and 2-years following surgery. Patients with prior spine instrumentation were excluded.
Clinical and operative data were extracted from standardized study forms. Presence of medical conditions, including anxiety/depression, was based on a patient-completed questionnaire at enrollment. A physician-completed questionnaire that details co-morbidity factors was used to calculate co-morbidity scores [13] . Short-term complications were classified as minor or major [14] .
Imaging parameters
Full-length scoliosis radiographs were obtained at the time of enrollment and at follow-up. Curves were classified based on the largest coronal Cobb angle as thoracic, thoracolumbar/lumbar, or lumbosacral. Maximum Cobb angle, sagittal vertical axis (SVA), and coronal alignment (CA) were assessed using standard techniques [15] . SVA was classified into one of two groups, B?6 or [?6 cm, and CA magnitude was classified into one of two groups, B4 or [4 cm, based on previous reports that suggest these values as thresholds for disability [16, 17] .
Statistical analyses
Patients were classified into one of two age groups, 18-45 or 46-85 years old. The top and bottom 15-20 % were identified for each age group, based separately on ODI and SRS-22 scores, through assessment of distribution plots. For each age group and for each outcomes measure, patients with the best and worst outcomes were compared based on clinical, radiographic, and surgical parameters.
Frequency distributions and summary statistics were calculated for all clinical, operative, and radiographic variables. For categorical variables, cross-tabulations were generated and Fisher's exact or Pearson Chi-square tests were used to compare distributions. For continuous variables, unpaired t-tests were used to investigate differences in the distributions between subsets of patients classified by categorical data. Binary logistic regression analysis was used to adjust for the effects of multiple covariates predictive of best versus worst clinical outcomes. Statistical analyses were two-sided, and p \ 0.05 was considered statistically significant.
Results
Patient population
276 patients met inclusion criteria, including 89 who were 18-45 years of age and 187 who were 46-85 years of age. Demographic and radiographic parameters are summarized in Table 1 . Compared with the younger patient group, older patients had greater body mass index (BMI), higher co-morbidity score, lower prevalence of smoking, greater use of narcotics, greater severity of pain, greater disability (ODI), and poorer health status (SRS-22). Older patients were more likely to have degenerative versus idiopathic scoliosis and to be more sagittally and coronally malaligned.
All operative parameters assessed differed significantly between the younger and older age groups ( Table 2 ). The vast majority of patients in each group underwent a posterior instrumented procedure, but older patients were significantly more likely to undergo both anterior and posterior procedures. The surgical procedures for older patients involved greater operative time and estimated blood loss (EBL) and had higher complication rates. A significantly greater proportion of older patients had fusion to the sacro-pelvis, compared with younger patients.
At follow-up, there continued to be significant differences between the younger and older patient groups ( Table 3 ). The disability, SRS-22, and leg pain scores were modestly, but significantly, poorer in the older patient group, compared with the younger patient group. The percentage of patients remaining on narcotic medications was significantly higher for the older patients. At followup, younger patients had greater residual Cobb angle, and older patients had greater sagittal malalignment.
Best and worst outcomes for younger patients based on ODI Based on the ODI, the best and worst outcome groups for younger patients (18-45 years old) consisted of 19 (22 %) with an ODI = 0 and 15 (17 %) with an ODI [30 (mean = 46, range = 32-82) at follow-up, respectively (Fig. 1a) . Compared with patients with the best outcomes, those with the worst outcomes were older, had a higher BMI, had a higher prevalence of smoking, and had more leg and back pain ( Table 4 ). The remaining baseline parameters and the operative parameters did not differ significantly between the groups, including severity of deformity, operative time, EBL, and occurrence of complications (Table 4 ). Although the percentage of patients treated with fusion to include the sacro-pelvis was higher in the worst outcome group compared with the best outcome group, this did not reach statistical significance. In addition, of the total 34 patients in the combined worst and best outcomes groups, only 5 had fusion that included the sacropelvis, and these patients were significantly older than those who did not have fusion to the sacro-pelvis (mean of 43.2 vs. 30.8 years, p = 0.003). At follow-up, compared with the best outcome group, the worst outcome group had greater back pain and modestly higher Cobb angle (Table 4) . Based on the SRS-22, the best and worst outcome groups for younger patients consisted of 15 (17 %) with an SRS-22 [4.5 (mean = 4.7, range = 4.6-5.0) and 13 (15 %) with an SRS-22 \3.2 (mean = 2.7, range = 2.0-3.1) at followup, respectively (Fig. 1b) . Of the total 24 patients with the best outcome based on either ODI or SRS-22, 10 were defined by both the ODI and SRS-22, 5 were defined based only on the SRS-22, and 9 were defined based only on the ODI. Of the total 16 patients that were categorized as having the worst outcome based on either ODI or SRS-22, 12 were defined by both the ODI and SRS-22, 3 were defined based only on the SRS-22, and 1 was defined based only on the ODI. Compared with patients with the best outcomes, those with the worst outcomes were older, had a higher BMI, had a higher prevalence of depression/anxiety, had a higher prevalence of narcotic use, and had more leg and back pain ( Table 5 ). The remaining baseline parameters and the operative parameters did not differ significantly between the groups, including severity of deformity, operative time, EBL, and occurrence of complications (Table 5) . At follow-up, compared with the best outcome group, the worst outcome group had greater back pain (Table 5 ).
Best and worst outcomes for older patients based on ODI Based on the ODI, the best and worst outcome groups for older patients consisted of 28 (15 %) with an ODI \5 (mean = 2, range = 0-4) and 32 (17 %) with an ODI [40 (mean = 52, range = 42-84) at follow-up, respectively (Fig. 2a) . Compared with patients with the best outcomes, those with the worst outcomes had a higher BMI, had a higher prevalence of anxiety/depression, had a higher prevalence of narcotic use, and had more back pain ( Table 6 ). The remaining baseline parameters and the operative parameters did not differ significantly between the groups, including severity of deformity, operative time, EBL, and occurrence of complications (Table 6 ). At follow-up, compared with the best outcome group, the worst outcome group had greater back and leg pain and higher prevalence of narcotic use (Table 6 ). Best and worst outcomes for older patients based on SRS-22
Based on the SRS-22, the best and worst outcome groups for older patients consisted of 32 (17 %) with an SRS-22 C4.5 (mean = 4.6, range = 4.5-5.0) and 30 (16 %) with an SRS-22 \3.0 (mean = 2.5, range = 1.9-2.9) at follow-up, respectively (Fig. 2b) . Of the total 42 patients having the best outcome based on either ODI or SRS-22, 18 were defined by both the ODI and SRS-22, 14 were defined based only on the SRS-22, and 10 were defined based only on the ODI. Of the total 42 patients that were categorized as having the worst outcome based on either ODI or SRS-22, 20 were defined by both the ODI and SRS-22, 10 were defined based only on the SRS-22, and 12 were defined based only on the ODI. Compared with patients with the best outcomes, those with the worst outcomes had a higher prevalence of depression/anxiety, had a higher prevalence of narcotic use, and had more back pain ( Table 7) . The remaining baseline parameters and the operative parameters did not differ significantly between the groups, including severity of deformity, operative time, EBL, and occurrence of complications (Table 7) . At follow-up, compared with the best outcome group, the worst outcome group had greater back and leg pain, a higher prevalence of narcotic use, and a higher prevalence of sagittal malalignment (Table 7) .
After adjusting for the effects of 2-year follow-up sagittal malignment (SVA [6 cm) using logistic regression analysis, baseline depression/anxiety remained a significant factor in distinguishing between the best and worst outcomes (p = 0.025), baseline narcotics use demonstrated a non-significant predictive trend (p = 0.055), and baseline back pain was no longer predictive of the best and worst outcomes (p = 0.142). 
Discussion
This paper provides age-stratified comparisons of patients with the best and worst outcomes following surgical treatment of adult scoliosis, based on two standardized outcome measures. Patients were stratified based on age into two groups, 18-45 and 46-85 years old. These groups differed significantly with regard to almost all demographics, pre-and post-operative clinical assessments, preand post-operative radiographic measures, and operative parameters assessed. In general, patients in the older age group had greater BMI, more pain, greater severity of deformity, required more operative time with greater EBL, and had substantially more complications compared with patients in the younger age group. Collectively, these data not only summarize the patient populations from which the best and worst outcomes were drawn, but also demonstrate the degree to which these groups represent different populations. Two standardized measures were used to assess outcomes for determination of the best and worst outcomes. The ODI focuses on pain and disability, while the SRS-22 is a scoliosis-specific measure and incorporates assessment of pain, function, self-image, mental health, and satisfaction [12] . Reflective of these differences, less than one-half (48 %) of patients defined to have had the best or worst outcomes based on either the ODI or SRS-22 were defined to be so by both measures. The difference in the identification of health status by each instrument may be related to the specificity of the SRS-22 instrument for concerns of patients with scoliosis.
Among younger and older adults surgically treated for scoliosis, the present study identifies baseline and operative factors that significantly distinguish between patients with the best and worst outcomes. It is interesting that despite the substantial differences between the younger and older populations in this study, there is considerable overlap in the distinguishing factors for the two age groups. It is also interesting that despite the differences in the composition of the best and worst outcome populations defined by the ODI and SRS-22, many of the predictive factors are the same for the two outcome measures.
Poorer post-surgical outcomes for patients with depression/anxiety have been previously reported in patients with lumbar stenosis [18] , adolescent idiopathic scoliosis [19] , and a diverse group of lumbar pathologies [20] . Pre-operative smoking has been previously linked to poorer surgical outcomes for cervical procedures [21] and for lumbar spinal procedures [20, [22] [23] [24] , including both instrumented and non-instrumented procedures. Several prior reports suggest that obese patients surgically treated for degenerative lumbar disease do not have poorer outcomes compared with non-obese patients [25] [26] [27] . In contrast to these reports, in the present study, greater BMI was significantly associated with the poorest outcomes. It is possible that greater BMI may reflect a greater degree of pre-operative deconditioning and could have negatively impacted postoperative rehabilitation.
In the present study, poor outcome in either age group, based on either the ODI or SRS-22, was not predicted by the pre-operative severity of deformity. Poor outcome was also not predicted by pre-operative co-morbidities, complexity of surgery (using operative time and EBL as surrogates), or the occurrence of minor or major complications. Other reports have also documented limited impact of complications on clinical outcome for adult scoliosis surgery [10, 28] .
Not unexpectedly, at follow-up, patients in the worst outcome group had more pain and among older patients were more likely to be taking narcotic medications. Older patients in the worst outcome group based on the SRS-22 had a higher prevalence of positive sagittal malalignment on 2-year follow-up, consistent with prior reports documenting the relationship between sagittal alignment and outcome [29] . However, after accounting for the effects of 2-year follow-up sagittal malalignment using regression analysis, the association between baseline anxiety/depression and poor outcome remained significant.
Collectively, the data in the present study suggest that the factors predictive of which patients will have the best and worst outcomes following surgery for adult scoliosis are predominantly related to patient factors, not radiographic measures or surgical parameters. Although our data suggest that patients who are obese, have depression/anxiety, use narcotic medication, or have more severe pain have a greater likelihood of having a poor outcome with surgery, these factors alone should not necessarily preclude such patients from being offered surgery. When considering surgical treatment, several other factors should also be considered, including the overall severity of symptoms, impact of the symptoms on functionality and quality of life, overall health of the patient, and willingness of the patient to accept the risks of surgery [4] .
The strengths of the present study include the prospective multicenter database from which data were extracted, the use of validated measures, and the relatively large patient population. In addition, patients were drawn from the practices of multiple surgeons at multiple institutions, offering representation of a broader range of patient populations and surgeon approaches. Although the data were prospectively collected, the primary limitation of this study remains the retrospective design. In addition, since this study focused on the limited subsets of patients with the best and worst outcomes, the numbers of patients were not adequate to perform extensive multivariate analyses.
Conclusions
Collectively, this study demonstrates substantial differences between younger and older adults with scoliosis treated surgically, with regard to clinical, radiographic, surgical, and outcomes parameters. Despite the differences between these populations, the baseline factors predictive of the best and worst outcomes were remarkably similar. Factors distinguishing between the best and worst outcomes were predominantly patient-related factors, such as obesity, depression/anxiety, smoking, and severity of pain, and not factors related to severity of deformity, operative parameters, or the occurrence of complications.
